The genetic linkage of atopy to chro-
atopy at this locus under the model of autosomal dominant inheritance. However, we observed a significant association between serum total IgE levels and genetic markers at this locus both in 14 Japanese atopic families and in 120 unrelated Japanese subjects. We detected eight alleles at the DllS97 locus and eight alleles in the CA/GT repeat region in the fifth intron of the FcmRIp gene. A significantly increased frequency of the DllS97IPstI 0-96 kb allele was observed in the chromosomes of the subjects with high serum total IgE levels both in the family study (p<0-001) and in the population study (p<0.05). However, multipoint linkage analysis again did not show any evidence for the existence of a major gene regulating atopy on chromosome 11q13 with location scores to -35 under the model of maternal inheritance. Evidence against linkage was confirmed by the non-parametric linkage analysis, using the affected pedigree member method. Also, there was no substitution of isoleucine for leucine in the fourth transmembrane domain of FcERIP (Leul81), which was reported to be responsible for a subset of atopy in the British population. Therefore, the association of serum total IgE levels with chromosome 11q13 indicates that a gene or genes at this locus may contribute to the expression of high IgE levels in the Japanese population as well as in the British population, but the heterogeneity of the genetic regulation of serum total IgE levels is evident between the two populations. The genetic components of atopy are complex. Although genes within the human major histocompatibility complex (MHC) on chromosome 6 are known to contribute to susceptibility, they alone are not sufficient to account for the complete genetic contribution to atopy.1 In 1989, a linkage study performed by Cookson et al' showed the presence of a single major autosomal dominant atopy gene linked to a marker on chromosome 1 q 13 by using a broad definition of atopy, namely any or all of a positive skin test, or a high antigen specific IgE value, or a high total IgE level. Although we tried to confirm this finding, linkage between chromosome 11 q 13 and atopy was not found in four atopic Japanese families with a lod score of less than -2 0 with a recombination fraction of 0 1 5.3 The attempts of several other groups to replicate the linkage have also not met with success.6 Moreover, Marsh et al' reported evidence for linkage of genetic markers on chromosome 5q3 1, including the interleukin-4 gene (IL-4), with a gene controlling total serum IgE concentration.
However, the Oxford group reported that the atopy gene was active only when it was inherited from the maternal side, and that the gene encoding the [3 subunit of the high affinity receptor for IgE (FcERIJ) was the candidate gene on chromosome 1Iq13.89 They also reported a variant sequence in which a leucine was substituted for an isoleucine at position 181 (Leul81) in the fourth transmembrane domain of this receptor protein, and a significant association between the substitution and atopy.'0
In order to clarify the differences in genetic regulation of atopic responses between the Japanese and British populations, we examined 10 new atopic families, in addition to the previous four families, and 120 unrelated subjects. Firstly, we analysed the linkage between atopy and markers on chromosome 1 q 13, taking into account the maternal inheritance of atopy in 14 families. Although we failed to confirm linkage of atopy to this locus,3 the maximum likelihood method we used detected significant linkage only if a gene or genes of major effect were segregating in the study families,"1 and this method may be limited by both theoretical and practical problems in complex diseases.'2 Non-parametric linkage studies such as the affected sib pair method or affected pedigree member method'3 14 may identify the presence of a candidate gene for atopy without any precise specification of the genetic models. Therefore, in this study, we also applied the affected pedigree member method of Weeks and Lange to our family data.
The association study offered an easy way of studying a genetic contribution to some complex diseases and proved to be useful for detecting the susceptibility gene, even if the the Dl1S97 locus and the FccRIf locus on chromosome 11q13 in 14 Japanese families. As we could detect a significant association between serum total IgE levels and the D 1 1 S97 locus, this association was further evaluated in 120 unrelated Japanese subjects, because the association found in the family study was not conclusive as relatives may share alleles by virtue of their family relationship.
Finally, we evaluated the prevalence of the Leu 181 substitution in Japanese subjects.
Materials and methods

SUBJECTS
We recruited seven three generation families and seven nuclear families (107 family members in total) through atopic asthmatic probands, who were referred to our outpatient department. There was no connection between these 14 asthmatic families. The pedigrees studied are illustrated in fig 1. The average age of the 107 family members was 37-6 years and ranged from 6 to 80 years. We also recruited 69 unrelated Japanese subjects referred to our outpatient department including 63 cases of bronchial asthma, three cases of chronic eczema, and three cases of pollinosis. No subjects were receiving systemic glucocorticoids for the treatment of asthma or any other diseases. We also studied 51 unrelated volunteers without symptoms of bronchial asthma, pollinosis, or eczema. In a population study, the subjects were selected on the basis of serum total IgE levels for comparison of this phenotype between subjects with and without the Dl S97/ PstI 0-96 kb allele. The average age of the subjects in the population study was 41-5 years and ranged from 10 to 81 years. All subjects examined in both the family and the population study resided in Sapporo, Japan.
ANALYSIS OF PHENOTYPE
All subjects were assessed for skin prick test reactivity using 24 aqueous allergen extracts, such as house dust mite, grass and tree pollens, common moulds, animal danders, and negative controls (Torii Pharmaceutical Co, Tokyo, Japan). The response was read after 15 We divided seven three generation families into 26 nuclear families, and analysed a total of 33 nuclear families using a three liability class model following the Oxford group's method.9 In order to assume maternal inheritance, all fathers were considered pheno- (table 2) . None of the subjects with a D11S97/PstI 0-96kb allele had a total IgE level lower than or equal to 10 IU/ml (fig 2A) . The mean level of the serum total IgE was 782 (SE 259) IU/ml for the subjects with this allele and 381 (SE 119) IU/ml for the subjects without this allele. However, we could not find any association between atopy or high total IgE levels and the FcFRIP.
Segregation of both atopy and high total serum IgE levels occurred vertically (fig 1) and the ratio of atopic children to all children from marriages with a single atopic parent were 0 79 (SE 0-1) and 0-54 (SE 0-1) respectively, calculated by Davie penetrance for heterozygotes between 50% and 70% with class 3 penetrance fixed at 98% had no effect on the results at all, and reducing class 3 penetrance for heterozygotes from 98%
to 80% with class 2 penetrance fixed at 60%
increased the maximum location score only to -20.
The affected pedigree member method also showed no evidence that either Dl1S97 or 1314 (SE 438) IU/ml and that of the subjects without this allele was 390 (SE 99) IU/ml. The frequency of this allele significantly increased in the chromosomes of the subjects with high total serum IgE levels (X2=9.7, p=0-019) ( In most complex diseases such as atopic diseases, it might be more straightforward to look for an association between DNA polymorphisms and disease." '5 Association studies have proved to be particularly useful in atopic diseases in which certain MHC alleles are directly involved in highly purified allergen specific immune responsiveness.' Also, if a major gene is only responsible for a minority of atopy, association study will offer a promising tool to identify the susceptibility gene. In our study of 14 Japanese families we observed an association between high serum total IgE levels and the D11S97/PstI 0-96kb allele. To confirm this relationship, we further examined 120 unrelated Japanese subjects and again detected a significant association between them in the population study.
As it is unlikely that the polymorphic VNTR DNA markers themselves contribute to the pathogenesis of atopy, the finding of a significant association between high serum total IgE levels and Dl1S97 in Japanese subjects can be interpreted in terms of linkage disequilibrium.
The distribution of the IgE level broadly overlapped between the subjects with and without the Dl1 S97/PstI 0-96 kb allele, both in the family study and in the population study ( fig  2) . Accordingly, we suspect that a gene close to the D 1S97 locus could modify clinical expression but is neither a necessary nor a sufficient cause of atopy, and that its effect is not as major as the linkage analysis could detect. In fact, although several studies have indicated that the total IgE level is regulated by a major gene irrespective of whether high levels are the result of dominant or recessive alleles, there also appeared to be significant polygenic influences.' 21 22 24 A computer simulation study indicated that if the probability of having the disease with the associated allele is less than 10 times greater than the probability of having the disease without the allele, then it may be difficult to detect linkage.25 Our failure to find linkage when an association exists, or even finding significant evidence against linkage, may indicate that a gene or genes on chromosome 11q13, in the Japanese population, is not necessary for expression of atopy and is merely a susceptibility gene; this point is different from the Oxford group's hypothesis of a major necessary gene for atopy at 11q13.
The linkage analysis of atopy underlying atopic eczema to the chromosome 11 q 13 region excluded a major gene for atopy in the British population study.26 Affected sib pairs analysis found neither a significantly increased proportion of shared alleles at the FczRIf3 locus nor a significant difference in the proportion of maternal alleles shared at the Dl1S97 locus.27 These reports, including our own study, suggest that there is genetic heterogeneity in atopy, and that the atopy gene proposed by the Oxford group, which has a major effect on atopic phenotype and is located close to FcERII locus, may not be a prevalent one. Absence of a mutation responsible for the Leu181 substitution in the Japanese atopic subjects further suggested the heterogeneity of the genetic regulation of serum total IgE levels between the Japanese and British populations.
In conclusion, in spite of our failure to confirm genetic linkage between atopy and chromosome 11 q 13, even under the model of maternal inheritance, the association detected both in the 107 subjects belonging to the 14 families and in the 120 unrelated Japanese subjects indicated the presence of a susceptibility gene for the high IgE responsiveness at chromosome 11 
